An immunocompromised patient with an invasive soft tissue infection due to Scedosporium apiospermum was successfully treated with voriconazole and surgical debridement. After transition from intravenous to oral therapy, successive adjustments of the oral dose were required to achieve complete resolution. For soft tissue infections due to molds characterized by thin, septate hyphae branching at acute angles, voriconazole should be considered a first-line antifungal agent. The potential usefulness of plasma voriconazole levels for guiding optimal therapy should be investigated.
A 58-year-old woman who had been treated chronically for Behçet's disease with prednisone, at doses ranging from 10 to 40 mg per day over 10 years, developed pain, swelling, and erythema of the left wrist. These symptoms were felt by her rheumatologist to represent an unusually severe exacerbation of arthritis, and a single dose of infliximab at 3 mg/kg was given intravenously. In addition, prednisone was increased from 20 to 100 mg per day, and amoxicillin-clavulanic acid at 875 mg twice daily was empirically started. Due to continued pain and erythema, the patient underwent exploratory surgery of her left wrist 10 days later at a local community hospital. Intraoperatively, thickening and early mucinous degeneration of the tenosynovium of an extensor tendon was noted from the wrist to the distal end of the third metacarpal. Surgically obtained tissue grew rare methicillin-sensitive Staphylococcus aureus but was negative for fungi and mycobacteria based on both cultures and histopathology. Antibiotic therapy was changed from oral amoxicillin-clavulanic acid to intravenous oxacillin at 2 g every 4 h, and her oral prednisone dosage was reduced gradually from 100 mg daily to 20 mg daily over the following week.
The patient's symptoms continued to progress, however, with erythema spreading from the dorsum of the left wrist to the elbow. At 4 weeks after the exploratory surgery, the patient was admitted to Stanford University Medical Center. Oxacillin was discontinued, and intravenous vancomycin, given as 1 g every 12 h, was initiated. The following day, surgical exploration and debridement of the left wrist and forearm were performed, and necrosis involving multiple extensor tendons of the wrist was noted intraoperatively. Specimens from her wrist joint and tendons were sent for bacterial, mycobacterial, and fungal cultures. Small, gray colonies of a mold grew in a culture derived from an extensor tendon. Early examination of this mold revealed thin, septate hyphae branching at acute angles. On the basis of this morphology, intravenous voriconazole was initiated at a loading dose of 6 mg/kg every 12 h for two doses, followed by 4 mg/kg given every 12 h; prednisone was continued at 20 mg daily. Two days later, diminished pain and erythema of the patient's forearm and elbow were noted. The mold was ultimately identified as Scedosporium apiospermum. The patient showed continued improvement over a 10-day course of intravenous voriconazole. Three days prior to discharge, vancomycin was discontinued and prednisone was decreased to 15 mg daily. She was discharged from the hospital on prednisone 10 mg daily and oral voriconazole at the manufacturer's recommended dose of 200 mg twice per day. Vancomycin was not continued after hospital discharge.
One week later, the patient was noted to have significant worsening of her infection despite reporting strict adherence to the oral antifungal regimen. There were no changes in her prescribed medications, including her immunosuppressive therapy, and she denied using any new over-the-counter medications or supplements. Extensive erythema and swelling of her left wrist, forearm, and elbow were again evident, along with the development of discrete subcutaneous nodules and pustules over her left hand and forearm in a distribution consistent with lymphangitic spread (Fig. 1A and B) . Purulent material expressed from these nodules yielded S. apiospermum in pure culture in an outside laboratory, as well as 1 week later in the clinical microbiology laboratory at Stanford University Medical Center.
Antifungal susceptibility testing of the isolate revealed MICs at 48 h of 16 g/ml for amphotericin B, 1 g/ml for itraconazole, and 0.25 g/ml for voriconazole. The minimum effective concentration of caspofungin at 24 h was Ͼ4 g/ml. Antifungal drugs tested in various combinations (amphotericin B plus voriconazole, caspofungin plus voriconazole, caspofungin plus itraconazole, and voriconazole plus terbinafine) displayed indifference. In none of the combinations tested was synergy or an additive effect seen. (All antifungal susceptibility tests were performed by the Fungus Testing Laboratory, University of Texas Health Science Center at San Antonio.)
Given the patient's prior response to parenteral therapy, intravenous voriconazole was resumed at a dose of 4 mg/kg every 12 h. No antibacterial agents were given, and no change was made to the patient's prednisone dose. Two weeks later, resolution of the nodules was observed ( Fig. 1C and D) . A second attempt was made to transition the patient to oral therapy, this time at an increased dose (300 mg twice per day) in light of the clinical failure observed at a dose of 200 mg twice per day. Her infection continued to improve on this higher oral dose. Three weeks later, however, she reported nausea, difficulty concentrating, and visual hallucinations, complaints consistent with known voriconazole side effects. The voriconazole dose was then decreased to 250 mg twice per day. On this regimen her central nervous system symptoms abated, and the infection continued to improve clinically. The patient ultimately completed a total of 5 months of oral voriconazole while on an oral prednisone dose ranging from 10 to 25 mg per day. She remained free of any signs of recurrence 14 months after the completion of therapy.
S. apiospermum, previously known as Monosporium apiospermum, is the anamorph or asexual form of Pseudallescheria boydii, previously known as Petriellidium or Allescheria boydii (24) . Usual sites of infection include the central nervous system, eyes, lungs, sinuses, bones, joints, and soft tissues (45) . The diagnosis of invasive fungal infection is ideally based on a combination of histopathologic, microbiologic, and clinical findings. Although histopathology was not available for our patient, S. apiospermum was isolated in pure culture from three independently collected samples over a 1-month period, including one specimen obtained intraoperatively. In addition, the patient's relapse responded to voriconazole in the absence of antibacterial therapy, and her clinical presentation was consistent with an S. apiospermum soft tissue infection as described in the literature (see below). This evidence strongly supports the diagnosis of invasive S. apiospermum infection.
A reports published in the English literature of localized, cultureproven S. apiospermum soft tissue infection (excluding mycetoma) found 27 cases (Table 1) . Infections were described more commonly in immunosuppressed patients (3-5, 7, 9, 13, 17, 21, 23, 25, 27, 28, 30-32, 35, 38, 41, 42, 46) but also occurred in immunocompetent patients (20, 21, 26, 40, 43, 44) . Cases have been reported to occur secondary to inoculation from environmental sources (21, 40) , after medical procedures such as surgery or intravenous catheter placement (5, 26) , and in the absence of identifiable trauma. In our patient, the source and timing of exposure to S. apiospermum is unknown.
In approximately one-fourth of cases a nodular lymphangitic pattern of spread was noted (4, 5, 7, 17, 21, 32, 46) , a pattern classically associated with organisms such as Sporothrix schenckii, Mycobacterium marinum, Francisella tularensis, Nocardia brasiliensis, and Leishmania brasiliensis (15) . S. apiospermum should be considered in the differential diagnosis of patients who present with this clinical finding, particularly if they are immunocompromised. In patients with invasive fungal infections, immunosuppressive medications should be minimized to the extent that clinical circumstances allow. In addition, surgical intervention has been described as an important element of successful treatment of soft tissue S. apiospermum infections in 11 of 27 published case reports (5, 13, 21, 28, 30, 38, 40-42, 44). In our patient, reduction of the prednisone dose, discontinuation of the infliximab, and surgical debridement of the wrist likely contributed to her successful outcome.
Amphotericin B has historically proven to be ineffective in the treatment of S. apiospermum infection, and most isolates exhibit resistance in vitro (8, 11, 12) . Intravenous miconazole has been used despite limited efficacy, but this agent is currently unavailable in the United States. Itraconazole has also been used for S. apiospermum soft tissue infections, with some case reports demonstrating successful outcomes (Table 1) . There are fewer published reports describing successful outcomes with itraconazole for the treatment of disseminated S. apiospermum infection in immunocompromised hosts (2, 37) .
Because Aspergillus spp. and S. apiospermum are often difficult to distinguish by histopathology (Fig. 2) , the fact that most isolates of S. apiospermum are resistant to amphotericin B is a critical consideration in selecting an antifungal prior to final species identification. Lopez et al., for example, emphasize the importance of avoiding mistaken assumptions regarding the identity of fungal isolates based on histopathology or early cultures, especially in an acutely ill patient (29) .
Voriconazole has a broad spectrum of antifungal activity in vitro, including S. apiospermum, Aspergillus spp., and Fusarium spp., but generally poor activity against the class Zygomycetes (8, 12, 18, 19) . Voriconazole has also shown promise in the treatment of disseminated S. apiospermum infection in a neutropenic mouse model (6) . In humans, the successful use of voriconazole has been reported in S. apiospermum subcutaneous infection (3) and disseminated disease in immunocompromised adults (14, 33) and children (47) . Other case reports of S. apiospermum infections successfully treated with voriconazole include keratitis (36), brain abscess (34), and pneumonia (22) . There is also a growing body of literature demonstrating the effectiveness of voriconazole against Aspergillus species, as well as against other clinically important molds. A multicenter, randomized trial of primary therapy for invasive aspergillosis showed a better outcome in patients randomized to receive voriconazole compared to those randomized to receive amphotericin B deoxycholate (16) . Other investigations have demonstrated the efficacy of voriconazole for salvage therapy of invasive fungal infections in patient populations that historically have proven difficult to treat. In one study consisting primarily of immunocompromised patients, voriconazole resulted in a satisfactory response in 47% of patients whose infections failed to respond to previous antifungal therapy and in 68% of patients whose infections had no approved therapy (39) . In a smaller study with a similar patient population, salvage therapy with voriconazole led to a complete or partial response in 58% of patients who failed or were intolerant of standard antifungal therapy (1) .
In clinical practice, however, voriconazole can present obstacles to its effective use. First, voriconazole is known to have variable pharmacokinetics. In a study of voriconazole for the treatment of invasive aspergillosis, patients on standard doses (6 mg/kg every 12 h for two doses, followed by 4 mg/kg every 12 h for intravenous dosing and 200 mg twice per day for oral dosing) demonstrated levels in plasma ranging from Ͻ0.1 g/ml to as high as 9.7 g/ml (10). In our patient, there was significant clinical relapse after transition from intravenous to oral therapy despite following the manufacturer's recommended dosing. However, at a higher oral dose (300 mg twice per day), the patient again showed clinical improvement; this was presumably attributable to the achievement of higher levels in plasma.
Some data suggest, however, that elevated voriconazole levels in plasma may be associated with an increased likelihood of side effects. In the study cited above, 6 of 22 (27%) of patients with concentrations that were Ͼ6.0 g/ml in plasma developed abnormal liver function tests (defined as greater than three times the upper limit of normal), whereas 14 of 100 (14%) of patients with levels that were Ͻ6.0 g/ml did so (10) . Whether these findings actually represent concentration-dependent side effects is unknown, and further studies are needed. Our patient experienced intolerable side effects at 300 mg twice per day of oral therapy, but at a decreased dose of 250 mg twice per day had a sustained clinical response without undue toxicity. Another potentially complicating factor is the significant potential for drug-drug interactions (18) . This did not appear to be an issue in this case.
In summary, we describe a patient with Behçet's disease treated with infliximab and chronic prednisone therapy who developed a soft tissue S. apiospermum infection that was successfully treated with voriconazole and surgical debridement. For soft tissue infections due to molds characterized by thin, septate hyphae branching at acute angles (thereby rendering zygomycetes unlikely), voriconazole should be considered a first-line antifungal agent. Because the pharmacokinetics of voriconazole are variable and difficult to predict, the potential role of voriconazole levels in plasma in guiding optimal therapy should be investigated.
